In the past decade and a half, 14 states have adopted statewide scholarship programs that are awarded on the basis of academic merit as opposed to the more conventional criterion of students' financial need. Policymakers have cited the need to "stanch the brain drain" (i.e., the migration of students to out-of-state colleges) as one of the primary rationales for this large influx of funding and for the shift from need-to merit-based scholarships (Heller, 2002b) . In fact, given the concentration of merit aid programs in the southeast, states in this region explicitly link these merit scholarship programs to the broader goal of preparing the workforce in hopes of retaining and attracting businesses. Indeed, a common slogan of state merit aid programs has been to "retain the best and brightest" 1 students to attend colleges in-state with the hope that they will enter the state's workforce after college graduation.
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As merit scholarship programs have proliferated among the states recently, so has merit aid captured the attention of both higher education researchers and the broader public. The populist appeal of generous scholarships for "B" students has led more than a dozen states to adopt these programs. Yet, researchers have highlighted the social consequences of allocating scarce state resources to students who were already likely to attend college and, more important, had the means to do so without a scholarship (Heller & Marin, 2002 . In fact, much of the research on this issue considers the disproportionate effects of merit scholarship programs on students underrepresented in postsecondary education. It is surprising that few studies have considered the extent to which state merit aid programs alleviate the brain drain. Of course, the implicit assumption is that state merit aid programs would have a positive effect on retaining the best and brightest students. As the first merit aid program, adopted in 1993, Georgia's HOPE Scholarship program has been most often examined by higher education researchers in singlestate studies on student's college choice decisions either within Georgia or out-of-state (Cornwell & Mustard, 2002 Cornwell, Mustard, & Sridhar, 2006; Dynarski, 2000 Dynarski, , 2002 . Our study extends this line of inquiry to a national scope by employing a research design similar to Cornwell et al. (2006) , who find evidence that Georgia did indeed stanch the brain drain (i.e., reduce the migration of students to colleges out-of-state) due to the HOPE Scholarship program. As such, two research questions guide our examination. First, what is the effect of state merit-based scholarship programs on stemming the brain drain? Second, does the effect vary across states and by different types of institutions? If so, how are these variations related to the merit scholarship programs' eligibility criteria and award amounts?
Literature Review
To examine how state merit aid programs affect students' decisions of where to attend college, our study is grounded in two related literature bases: the determinants of student migration and the effect of state merit aid programs. The first literature stream represents decades of studies of the practical policy trends and of economists' analysis of the determinants of student migration patterns. The second more recent literature base represents an emerging line of inquiry on the effects of state merit scholarship programs.
Student migration. Given the wide variation between states, college student migration has consistently received attention from policymakers and researchers alike. For example, a 1989 Change article highlights state migration trends from high rates of out-migration in New Jersey to North Carolina and Massachusetts maximizing trends of low-level emigration rates and high-level immigration rates to the balancing trends in New Hampshire and Vermont of high out-migration and high in-migration of college students (Carnegie Foundation for the Advancement of Teaching, 1989) . This article also sparked a response by Michael Olivas (1990) for its inattention to the role of state residency policies in which some states make in-migration of college students more attractive by easily allowing students to become state residents. Similar to the recent criticism of merit aid programs, Olivas criticizes state residency policies because the students benefiting from these liberal residency policies are overwhelmingly from higher income families. More recently, in a Chronicle of Higher Education article, Morphew (2006) identifies three trends that mitigate the barriers to student migration, including the increasing number of reciprocity agreements between states, rising autonomy and entrepreneurial behavior of public institutions, and variations of state populations. Nevertheless, policymakers in states considering the adoption of merit aid programs continue to identify student migration as a cause for concern. Officials in Wisconsin, for example, have recently proposed "tethering" college students in-state by offering merit scholarships with residency requirements post-graduation (Redden, 2007) .
Researchers have extended the interstate college attendance trends to specifically examine the "determinants of college student migration," as the first such study is elegantly titled (Tuckman, 1970) . Tuckman applies human capital investment theory to test whether student migration is a result of investment or consumption theory of demand. That is, do students attend college outof-state because they expect the benefits of their college degree to outweigh the higher tuition costs? Or, do students leave their home states because of qualities of out-of-state colleges not available at in-state colleges? Tuckman's study, which employs a linear regression model based on a cross-sectional sample of states, finds that the proportion of out-migrating students is influenced by college prices at both in-state and out-of-state institutions. Student aid, however, does not prove to be a significant determinant (although Tuckman allows that this may be due to the inability of his model to distinguish between aid that follows the students and institutional aid). Although these findings suggest support for human capital theory, Tuckman's model did not sufficiently account for institutional characteristics that might have better tested the consumption theory. Hsing (1994a, 1994b) extend the determinants of out-of-state migration by including institutional characteristics in their two-stage least-squares model. Their studies find that small class sizes, college selectivity, high-performing faculty, successful athletic programs, and availability of diverse cultural opportunities attract out-of-state students.
More recent studies integrate college characteristics with the influences of college cost. Baryla and Dotterweich (2001) , who also employ a two-stage least-squares model, suggest that students emigrating to other states are not concerned with higher prices but rather seek the characteristics of academic program quality, specifically as demonstrated by high selectivity and regional economic factors that lead to favorable conditions for employment post-graduation. Perna and Titus (2004) confirm this finding that higher tuition rates do not significantly influence students attending out-of-state institutions. Rather than attribute college choice decisions to characteristics of the institution and region, however, Perna and Titus through hierarchical linear modeling find that student-level variables, such as demographic and academic characteristics, and state-level variables, such as state appropriations to the higher education sector, have the greatest effect on the decision of students to attend college out-of-state. An earlier singlestate study using a log-linear model (Kyung, 1996) finds similar significant student-and statelevel influences on the migration of undergraduate students to the state of New York, such as the admission rate of public 4-year institutions in the student's home state and number of high school graduates and, more important, the SAT scores and per capita disposable income.
Just as Perna and Titus (2004) find that increases in state appropriations to higher education attract students from outside the state, Strathman (1994) finds the inverse-that high out-migration rates lead policymakers to lower state appropriations to the higher education sector. Strathman employs a three-stage leastsquares model to test the benefit spillovers hypothesis and finds that as out-migration of students increases by each percentage point, state appropriations fall by $100 per student. Recent merit aid program adoptions suggest that, rather than address student migration through state appropriation levels, states sought additional revenue streams, most often state-run lotteries, to bolster support for higher education through a new form of student financial aid.
The studies mentioned thus far deal solely with student migration for postsecondary education enrollment and do not address where students will reside upon graduating from college. However, many state merit aid programs explicitly aim to enhance the state's workforce as a means to generate economic development, which is predicated on in-state college graduates remaining in their home state. Although our study does not directly measure the migration of college graduates, recent studies suggest that students attending college in-state are more likely to remain in-state post-graduation than students who attend college out-of-state are to return to their home state. For example, Perry (2001) uses follow-up surveys in 1994 and 1997 with participants from the 1993 Baccalaureate and Beyond Longitudinal Study and finds that 84% of students attending college in-state remain in the state after graduation compared with 64% of students attending out-of-state institutions who return to their home state. In another study that tracks students 10 and 20 years post-graduation, Groen (2003) finds more modest results with a roughly 10 percentage point increase of home state residence post-graduation among students attending in-state colleges as compared with students attending college out-of-state. Furthermore, unlike most student migration studies, Groen accounts for academic achievement through SAT scores and finds that the effects of where students attend college on whether they return/ remain in their home state are consistent across SAT scores. In fact, Groen suggests that this evidence supports the efforts of state merit scholarship programs aimed at retaining high-achieving students.
State merit aid programs. Since the adoption of the initial merit aid program in Georgia and the subsequent adoption of similar programs in more than a dozen states, researchers have largely considered the effects of merit aid programs on students and institutions. Two policy reports (Heller & Marin, 2002 provide an overview of merit aid's proliferation and highlight their negative social consequences, which are generally summarized as awarding scholarships to students who already planned to attend college and could already afford to do so, rather than allocating scarce state resources to students in financial need of assistance. Heller (2002a Heller ( , 2002b Heller ( , 2004a presents compelling descriptive evidence that, indeed, states with merit aid programs have overwhelmingly shifted the share of state financial aid to merit scholarships as opposed to need-based grants. These introductory chapters to the state merit aid trend also serve as a practical orientation to the variability of eligibility criteria and scholarship award amounts. Table 1 summarizes these merit aid program characteristics, including the substantive revisions that occurred in Nevada, Tennessee, and West Virginia.
Furthermore, recent research illustrates the disproportionate rates at which minority and low-income students are eligible for state meritbased aid in Georgia (Cornwell & Mustard, 2002 Dynarski, 2002) , in Massachusetts (Heller, 2004b) , in New Mexico (Binder & Ganderton, 2002 , in Tennessee (Ness & Tucker, 2008) , and across multiple states (Dynarski, 2004; Farrell, 2004; Heller & Rasmussen, 2002; Ness & Noland, 2007) . Although each of these studies finds evidence of disproportionate effects by race and income, taken as a whole, these studies demonstrate that these disproportionate effects vary based on state programs' award amounts and rigor of eligibility criteria. In addition to studies considering the effect by race and income, researchers have also empirically examined the effects of state merit aid programs on institutions, specifically on students' academic achievement and attrition (Dee & Jackson, 1999; Henry, Rubenstein, & Bugler, 2004) , on increasing tuition (Long, 2004) , and on increasing enrollment (Cornwell et al., 2006; Dynarski, 2000 Dynarski, , 2004 . The final group of studies on enrollment effects is most relevant to our study of merit aid programs' influence on college student migration.
Because state merit aid programs are still relatively recent policy innovations, much of the research on enrollment effects has been limited either to single-state studies most often of Georgia's HOPE program or to studies of the southeast region. Dynarski's (2000) first study on this topic, which employs a difference-indifferences model, finds roughly a 7% to 8% enrollment increase in Georgia as a result of the HOPE Scholarship program. Her more recent study (Dynarski, 2004) confirms the enrollment increases in Georgia and finds that HOPE Scholarships indeed reduce student out-migration. Based on a similar difference-in-differences design for the southeast region, Dynarski (2004) finds that the seven southern state merit aid programs not only have consistent enrollment increases between 5% and 7% but also reduce (if only slightly) the college attendance gap between White and Black students. Across all states in Dynarski's (2004) study, the most significant enrollment increases occurred at public 4-year institutions. In addition to corroborating this trend of the public flagship institutions realizing the largest enrollment increases, Cornwell et al. (2006) , who also employed a difference-indifferences model, found that over a 10-year period (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) , the Georgia HOPE program increased first year student college enrollment by nearly 6%. Moreover, with regard to the retention of the best and brightest students, Cornwell and colleagues note that these increases coincide with an increase in average academic credentials of incoming first year students. SAT scores rose 40 points upon adoption of the HOPE program compared with modest gains by other states in the region. As with Dynarski's earlier work, Cornwell et al. (2006) also found strong evidence of HOPE reducing the migration of Georgia high school graduates to out-of-state institutions.
Our study extends research on college student migration and state merit aid programs in two important ways. First, we consider the effect of merit-based aid on the enrollment of different student migration groups. Studies of the enrollment effects of merit aid programs typically limit their examinations to total enrollment in a state. Our study incorporates aspects of the college student migration literature by examining the effect of state merit aid programs on resident enrollment and out-migration enrollment across all 50 states. Second, we provide a systematic analysis for the 13 merit aid states (Massachusetts, which adopted a merit aid program in 2005, is excluded from this analysis) that have adopted statewide merit aid programs, and more important, we examine the variations across these programs.
Data and Variables
The main data source of this study is the Integrated Postsecondary Education Data System (IPEDS) administered by the National Center for Education Statistics (NCES). We use IPEDS's Enrollment Survey to construct the main variables in this analysis. In addition, we derive several control variables including the number of recent high school graduates, state per capita personal income, and state unemployment rate from various data sources. This section provides a detailed description of data collection and variable construction.
The IPEDS Enrollment Survey collects data on the state of residence of first-time, 1st-year students (hereafter conveniently referred to as college enrollment) in even-numbered years before 2000 and every year since then. These data are available through the IPEDS website at the NCES for the following 13 years : 1986, 1988, 1992, 1994, 1996, 1998, 2000, 2001, 2002, 2003, 2004, 2005, and 2006 . For an unexplained reason, data are not available for 1990. In each year for which data are available, each institution reported its enrollment of first-time, 1st-year students by state of residence (all 50 states, the District of Columbia, U.S. territories, and foreign countries). We include only 50 states in our analysis. In addition, we include only 4-year institutions in this study for two reasons. First, for substantive reasons, this study focuses on student migration, the vast majority of which happens at 4-year institutions, because students attending 2-year institutions do so overwhelmingly in-state. Second, for practical reasons, the enrollment and migration data are more complete at 4-year colleges and universities than at 2-year colleges. Missing data would cause problems when institutional data are aggregated within states.
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To facilitate our discussion, the following notation is used: a is the number of first-time, 1st-year students; i represents home state (i.e., the state where students are residents); j represents host state (i.e., the state where students attend college); and k denotes institutions. So a ijkt is the number of students from state i who attend institution k in state j in year t. After aggregating a ijkt over k (i.e., institutions within each state), we compute the number of students from state i who attend colleges in state j in year t, that is, a ijt = ∑ k a ijkt . Using a ijt , we further define the following three enrollment variables:
(1) a iit : resident enrollment in state i in year t when i = j in a ijt (i.e., stayers) (2) a i.t -a iit : emigrants from state i who attend colleges elsewhere in year t (i.e., leavers)
a ijt : total college enrollment from state i in year t (i.e., stayers and leavers) Each of the above variables has important policy implications depending on specific policy goals of the merit aid program. For example, if the policy goal is to increase college enrollment of its residents in a state, regardless of where students attend colleges, then policymakers should focus on the total college enrollment. (It is noteworthy here that the total college enrollment from a state is defined as the number of students who attend colleges in its home state and elsewhere, whereas the total college enrollment in a state is defined as the number of students who attend colleges in a state, regardless of their resident states.) Conversely, if a merit aid program is intended to promote resident student enrollment in the home state and to reduce the number of resident students who out-migrate to other states (i.e., to reduce brain drain), then both Variables 1 and 2 should be examined. 4 This study's primary goal is to determine whether college enrollment (as defined by the above three variables) was affected by the implementation of a merit-based aid program. It is obvious that college enrollment in a state is affected by a host of economic and demographic variables in addition to state financial aid policies. We follow the literature on college enrollment and student migration and on the effect of state merit-based aid (e.g., Cornwell et al., 2006; Tuckman, 1970) and control for salient factors that affect college enrollment. These variables include the number of high school graduates, per capita income, and unemployment rate. The estimated effects of these variables (not reported in this article due to space constraint) are significant and in expected directions in our empirical models.
Data on the number of public high school graduates in each state are available from the Common Core Data administered by the NCES. 5 For each state, we extract data on the number of high school diplomas awarded in each academic year that precedes the academic year for which we have enrollment data. For example, the number of high school graduates in spring 2004 is matched up with the college first year student cohort in fall 2004. The high school completion cohort is not equivalent to the college-going cohort because not all high school graduates attend colleges immediately after graduation. Alternatively, we could use weighted averages of the number of high school graduates over a number of preceding years (e.g., the average of high school graduates during the past 2 years) to approximate the college-going cohort. These different measures of the college-going cohort do not produce significantly different results.
Using the number of high school graduates to control for the variation in college enrollment does not account for changes in students' academic preparation for colleges, which might be an important factor to consider especially for enrollment at 4-year institutions. Measures of academic preparation are not included in this analysis for several reasons, not the least of all is the unavailability of data in a consistent fashion over years. The average SAT scores of the graduating high school cohort, for example, are available periodically from College Board, but not for all years for which we have college enrollment data.
6 A related challenge of using high schoollevel or state-level SAT data is that average SAT scores depend largely on the number of students who take the exam over years. That is, the more students who take the SAT in a high school or state, the lower the average score is likely to be (Graham & Husted, 1993; Marchant & Paulson, 2001) . Finally, and perhaps most important, based on the financial incentive provided by a merit scholarship program, students might be working harder to obtain higher grades. In fact, improving high school students' academic achievement is one of the primary objectives of a state merit aid program (Heller, 2002b) . It is not clear, however, how changes in students' academic preparation in those merit aid states-had there not been for the merit aid programs-would be significantly different from that in other states, which also suggests that this variable is not appropriate for our model. Besides, the timefixed effect in our empirical model controls for any time trend in students' academic preparation across different states. This modeling strategy also helps alleviate any potential omitted variable bias.
Economic theory suggests that the consumption of normal goods (i.e., college education in this particular case) increases when income is higher. Recent studies have shown that state per capita personal income affects students' college enrollment decisions (Betts & McFarland, 1995; Buss, Parker, & Rivenburg, 2004) . Data on state per capita income are available through the Bureau of Economic Analysis. 7 We extract data on per capita personal income for each state for all 13 years for which we have enrollment data. Income data are adjusted by the Consumer Price Index to reflect real-dollar value. In addition, economic theory also suggests that individuals are more likely to attend college when its opportunity cost is low. Recent studies have also shown that unemployment rate reflects the opportunity cost of attending college (Berger & Kostal, 2002; Betts & McFarland, 1995; Buss et al., 2004; Dellas & Sakellaris, 2003) . Historical data on unemployment rate by state are available through the Bureau of Labor Statistics. 8 We extract the unemployment rate in each state in April of each year for which we have enrollment data. Other measures of opportunity costs such as minimum or average wage rates are not used because they are not as sensitive to labor market conditions as unemployment rate.
Method
This study's primary goal is to determine whether merit-based financial aid programs alleviate brain drain. Because the 14 states in Table 1 adopted a merit-based aid program in different years, our strategy is to first evaluate the effect of a merit aid program in each of these states and then calculate the average effect. We do not include Massachusetts in our analysis because it has only 2 years of enrollment data since the adoption of a merit-based aid policy in Does State Merit Aid Stem Brain Drain? 2005. To test for the effect of merit aid, we need to compare the enrollment before and after the policy change. As in any policy evaluation study of this sort, the most difficult task is to construct a counterfactual (i.e., what would have happened if there had been no merit aid program). In this analysis, we adopt two strategies. The first is to use multiple regression analysis to control for salient variables that might have contributed to the change in college enrollment in a state over time, in particular before and after the implementation of a merit aid program. These control variables include the number of high school graduates, state per capita income, and state unemployment rate. Second, we use comparable states to account for general factors that might have contributed to enrollment changes. These general factors might include, for example, business cycle and changes in the cost and return of college education. Assuming that these general factors will have a similar effect on college enrollment in a merit aid state and other comparable states, we are able to substitute the changes in college enrollment in other states for that in a merit aid state if there had been no policy change. This difference-in-differences method has been widely employed to study the effect of Georgia's HOPE Scholarship (e.g., Cornwell et al., 2006; Dynarski, 2000; Long, 2004) .
Our research design may be most clearly explained by discussing the difference-indifferences model for a single state. Using Florida as an example, we employ the following ordinary least squares regression:
where y it is our dependent variables (i.e., Variables 1-3) in state i in year t; FL is a dummy variable for Florida (i.e., FL = 1 if Florida, FL = 0 if other states); post is a dummy variable that indicates the implementation of the merit-based aid program in Florida (i.e., post = 1 if year is 1997 or after, post = 0 if otherwise); state i is a set of dummy variables representing each of the comparison states (i.e., γ i is state fixed effect); year t is a set of dummy variables representing years (i.e., θ t is year fixed effect); Z it includes a set of covariates in state i in year t (i.e., high school graduates, state per capita income, and state unemployment rate), and finally, ε it is the error term. Because these error terms could be serially correlated, it might lead to incorrect statistical inference with the difference-indifferences estimation (Bertrand, Duflo, & Mullainathan, 2004 States differ greatly in their higher education systems (e.g., the level of state funding, public and private sectors, number and types of institutions, etc.); however, these characteristics tend to be quite stable over time and thus can be captured by state fixed effects. The year fixed effects control for any national (or regional) economic, social, and political factors that might affect year-to-year college enrollment. These fixed effects help eliminate some potential omitted variable biases. In addition, because these stateand time-specific effects are estimated as fixed effects, they can be correlated with our main policy variables. The next two considerations for our research design relate to time and comparison groups. First, how many years should be included in the before and after periods? The common strategy is to compare several years (e.g., 3-5 years) before and after the policy intervention (e.g., Cornwell et al., 2006; Dynarski, 2000; Long, 2004) ; however, our multiple-state model complicates this strategy. The 13 merit aid states have different policy implementation years, from the earliest in 1993 (Georgia) to the most recent case in 2003 (Tennessee). Because data are only available in even years before 2000, we include 6 years both before and after the policy change in each state. To illustrate, Florida introduced the merit-based aid in 1997, so the preperiod is from 1991 to 1996 with enrollment data in 1992, 1994, and 1996 , and the post-period is from 1997 to 2002 with enrollment data in 1998, 2000, 2001, and 2002 . This general rule restricts comparison in a relatively short time frame to minimize the effect of other policy initiatives both in the merit aid states and in comparable states; on the other hand, it provides us with at least 3 years of enrollment data both before and after the policy change to estimate its effect.
Our second consideration relates to what constitutes a comparable group for states with merit aid programs, such as Florida. The selection of a comparable group is crucial in using the difference-in-differences method because the difference between the before and after periods in the comparable states is substituted for the difference between the before and after periods in Florida. That is, what happens in comparable states is used as the counterfactual for Florida if there has been no policy change. Because we are not aware of any single best definition of comparable states, we use four different comparison groups. Multiple comparison groups greatly reduce the possibility of bias in a single comparison group design, so the more comparison groups the better (Meyer, 1995) . Our analysis starts with the most general comparison groupstates without merit-based aid programs-and then narrows down to states with similar outmigration profiles. Both regional compacts and bordering states are also commonly used comparison groups in empirical study (e.g., Berry & Berry, 2007; Doyle, 2006; Hearn & Griswold, 1994; Zhang, 2007) .
National group. Again, considering Florida as an example, the national group includes all other states except Florida. Considering that there are 13 other states that have adopted merit-based aid programs over time, including these states in the national comparable group will introduce additional complexities in the analysis. For example, South Carolina introduced merit-based aid in 2001, so South Carolina is a valid comparable state for Florida before 2001 but not after that. Excluding these merit aid states from the analysis, however, would probably exclude the states that are most similar to the focal state for the simple reason that they have all adopted merit-based aid at some point. As a result, the national comparable group for Florida in our analysis includes only all 36 states that have never adopted merit-based aid as of 2006 and the other 13 merit aid states before the year when they adopted merit aid policies. (As a robustness check, we also ran all analyses based on the 36 states that have never adopted meritbased aid. Results are very similar to what is reported here.)
States with similar proportions of out-migration students. States vary greatly in the severity of brain drain. The proportion of a state's residents attending colleges in other states ranges from around 10% (e.g., Utah, North Carolina, and Arkansas) to more than 50% (e.g., Connecticut, New Jersey, and Wyoming) based on enrollment data in 1992. Because of the focus on brain drain in this analysis, it seems appropriate to compare those merit aid states with other states that have a similar out-migration profile. We divide all 50 states into 4 brackets (0-15%, 15-25%, 25-40%, 40% and above) based on the proportion of their residents attending colleges in other states in 1992. For example, 4 merit aid states (Kentucky, Louisiana, Michigan, and West Virginia), together with 7 other non-merit aid states, fall into the first bracket. As a consequence, we compare each of the above 4 merit aid states with the remaining 10 states in the same bracket. Again, for those states in the comparable group that have adopted merit aid policies at some point, we include only those years before their implementation.
Regional compact. States within a regional compact often share policy innovations based on their proximity and the compact's efforts to disseminate information (Cohen-Vogel, Ingle, Albee, & Spence, 2008; Hearn & Griswold, 1994) . As a result, regional compacts are commonly used as comparison groups in recent empirical studies on merit-based aid programs (Cornwell et al., 2006; Dynarski, 2004 
Limitations
Our analysis has its limitations. Perhaps the most common limitation of studies that use the difference-in-differences technique is the fundamental assumption that the time effects for both the treatment group and control group are similar. That is, without the policy intervention, the treatment group would experience similar changes in outcome variables to the control group. The validity of the before and after design with treatment and control groups largely hinges on the comparability of these two groups. It is unfortunate that this assumption cannot be easily tested.
Three efforts have been made to strengthen our analysis: (a) We include three control variables to account for salient factors related to college enrollment, (b) we use fixed effect models to control for both state and time fixed effects, and (c) we use multiple comparison groups to reduce the possibility of bias in a single comparison group design. Our results, however, indicate that the bordering states comparison group produced different results from the other three comparison groups. We undertake an additional step to understand these differences.
To better understand these differences between comparison groups and to account for withinstate factors affecting student enrollment, we conduct a policy audit of all 50 states. This step involves a thorough search and review of The Chronicle of Higher Education "Almanac of Higher Education" (2002) since the early 1990s to identify major state-level policy initiatives or changes that might have affected college enrollment and student migration. Among non-merit aid states, we identified 14 major policy initiatives or changes, none of which leads to significant changes in the estimated coefficients. Among the 13 merit aid states, we identified three policy initiatives that might affect our results. First, Kentucky substantially increased tuition for 4 years between 2003 and 2007, which makes it difficult to isolate the effect of the meritbased aid program. Second, the merit scholarship program in Nevada increased its eligibility criteria from 3.0 to 3.25 GPA in 2004-2005, so our results might be more appropriately viewed as the average effect over time. Third, when the number of comparison states is smaller, the estimated effect for the treatment state is quite susceptible to policy changes in an individual comparison state. For example, when the bordering state Alabama is used as the comparison state, the effect of merit-based aid on resident enrollment in Florida is estimated at 3%, much smaller than more than 20% when other comparison groups are used.
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Results
For each of the 13 states that have a meritbased financial aid program, Equation 1 is estimated using the three enrollment measures as dependent variables in turn. In addition, to test whether a merit aid program has a similar effect on college enrollment at different types of institutions, these regressions are estimated by Carnegie categories. In particular, we estimate these equations for research and doctoral institutions and other 4-year institutions. Furthermore, all above regressions are repeated by using four different comparison groups. Finally, to get an overall effect of these merit aid policies across states, we impose the restriction that the effect is the same when estimating these 13 equations by using the same comparable states for each merit aid state. This overall effect is reported in the last row of each table. It is noteworthy that given the great variation in the estimated effects across different states, this restriction is probably unrealistic. However, it provides us with a general sense of the average effect of the merit aid policy. So although we conveniently interpret these restricted coefficients as "average" effect in this section, it does not apply to each individual state. Due to space limits, only the effect of the merit-based aid program (i.e., the coefficient of state * post) is reported; all other coefficients including state fixed effects, year fixed effects, and other covariates are suppressed. Table 2 reports the effect of merit-based aid programs on 4-year college first year student enrollment for each of the 13 merit aid states using four different comparison groups. The first column in each of the four comparison group panels reports the effect of the merit aid program on the resident 1st-year student enrollment from each of the 13 states. Two observations from these Stayer columns are particularly important. First, the estimated effects are positive in most states. Second, there is great variation in the estimated effects across different states. The general positive effect of merit-based aid programs on college enrollment is well reflected in the positive and significant average effects based on each of the four comparison groups. For example, the overall effect based on national group is 0.099 log points with a standard error of 0.010. Note that college enrollment has been transformed by natural logarithm; hereafter, we use [exp(b)-1] to convert the estimated coefficients into percentage changes. On average, the introduction of a merit-based aid program in a state increases resident 1st-year student enrollment in 4-year colleges by about 10.4% compared with states without such programs. Evaluated at the state mean 4-year college 1st-year student enrollment of about 14,000, this translates into an enrollment increase of nearly 1,500. The overall effects based on states with similar proportions of their residents attending colleges in other states, regional compacts, and bordering states are also positive and statistically significant, although the estimated coefficients (e.g., 8.9% based on states with similar out-migration profiles, 8.3% based on regional compacts, and 5.1% based on bordering states) are somewhat smaller than those based on the national group. These results confirm the common wisdom that state merit aid programs increase resident enrollment in a state.
Resident first year student enrollment (stayers).
The estimate based on bordering states is somewhat smaller than that based on other comparable groups. This is an interesting, but not surprising, finding because neighboring states are likely to react to each other. For example, Florida's pre-policy period was influenced by the implementation of HOPE Scholarship in Georgia, whereas South Carolina created an aid program especially for Georgia residents in response to the HOPE program. These reactions among states could reduce the effectiveness of merit aid programs, especially when neighboring states are used as the comparable group. Although our results might indicate these across-state interactions, the nature of our data prevents us from estimating the effect of the original merit aid programs and other states' responses separately.
This estimated overall effect, however, masks a great deal of variation across states. Regression results based on the national comparison group indicate that among the 13 merit aid states, only 4 states have positive and significant effects. Positive but insignificant coefficients are estimated in 7 states, and the remaining 2 states (Missouri and West Virginia) have negative although statistically insignificant results. Alaska, Florida, Nevada, and Mew Mexico have the largest increases (25.7%, 28.4%, 33.9%, and 18.9%, respectively) in resident first year student enrollment after the introduction of merit-based aid programs in these states. As we will discuss in greater detail below, this may be in part because of the high level of award amounts, which fund the full tuition costs or near equivalent awards. Georgia, Kentucky, Michigan, and South Carolina also have large estimated effects that are greater than 5% (12.6%, 6.1%, 6.9%, and 5.6%, respectively), but probably due to a relatively small number of data points, these results are not statistically significant. For example, in Georgia, only two data points before and three points after the introduction of a merit-based aid program are available because enrollment data are available every other year before 2000 and not available in 1990. This substantially limits the statistical power of our analysis. The magnitude of the estimated coefficients, however, is consistent with other published studies. For example, Cornwell et al. (2006) used five data points both before and after the introduction of the HOPE Scholarship in Georgia and found that the program increased total 1st-year student enrollment (including resident and nonresident enrollment in Georgia) by 9.0% at public 4-year institutions and by 14.1% at private 4-year institutions.
It is not surprising that the estimated effects of merit-based aid programs on resident enrollment are somewhat different when different comparison groups are used; however, these estimates are qualitatively similar, especially among the first three comparison groups. For example, the estimated coefficients for Alaska are 0.229, 0.245, and 0.228 log points when the national group, states with similar out-migration profiles, and regional compact are used as comparison groups, respectively. The estimates produced by the last comparison group, the bordering states, seem to be quite different in several states. For example, as discussed in the previous Limitations section, the estimated effect for Florida in the last panel is 0.030 log points and statistically insignificant, whereas those effects in the first three panels are much larger and statistically significant.
Out-migration first year student enrollment from a state (leavers).
The second main dependent variable is the number of students in a merit aid state who attend colleges in other states (i.e., leavers). Results reported in Table 2 generally support the hypothesis that statesponsored merit-based aid programs were successful in reducing brain drain. Compared with states without merit aid programs, the introduction of a merit aid program has decreased the number of students from merit aid states who attend out-of-state colleges and universities by nearly 9% (i.e., -0.093 log points in the second column of the first panel), on average. Results based on states with similar out-migration profiles, regional compacts, and bordering states are very similar at -0.094, -0.113, and -0.097 log points.
Again, there is a great deal of variation across these merit aid states. For example, regression results based on the national comparison group show that 11 of the 13 merit aid states have reduced the number of their resident students attending colleges in other states. The estimated effects are significant in 8 states, including Alaska with a reduction of 11.4%, Florida 18.3%, Georgia 13.5%, Louisiana 20.5%, Mississippi 27.8%, Nevada 13.6%, South Carolina 10.0%, and West Virginia 9.0%. Kentucky and New Mexico are the only 2 states that have actually increased the number of students attending colleges in other states after the adoption of merit-based aid programs, with a 6.4% and a 12.3% increase for Kentucky and New Mexico, respectively. The increase in outmigration in these two states should be considered in conjunction with the increase in the resident enrollment in these states.
Total 1st-year student enrollment. Changes in total college enrollment from a state could be from two sources: resident and out-migration enrollment. The first and second columns in each panel report the effect of merit-based aid programs on resident (stayers) and out-migration (leavers) enrollment separately. Given the opposite directions of the effects on these two types of enrollment, it is important to examine the effect of merit-based aid on the total college enrollment from a state. For example, it could be the case that a merit-based aid program does not increase the total enrollment from a state; instead, it only attracts more students to stay in their home state. Or, it could be the case that merit-based aid programs both increase the total college enrollment from a state and reduce student out-migration.
Results in the last column of each panel reveal that merit-based aid programs have a positive effect on the total college enrollment from a state, although the relative increase in total college enrollment is much smaller than the increase in resident college enrollment because of reduced student out-migration. For example, the overall effect on total college enrollment based on the national comparison group is about a 4.1% (0.040 log points), which is much smaller than a 10.4% (0.099 log points), increase in resident enrollment. The average effects on total college enrollment based on states with similar out-migration profiles, regional compacts, and bordering states are estimated at 3.5%, 2.8%, and 2.1%, respectively, smaller than the corresponding effects on resident enrollment. Again, as in the case of resident and out-migration enrollment, the estimated effects of merit-based aid programs on total college enrollment vary across states and differ by comparison groups.
Analyses in Table 2 are replicated separately for research and doctoral institutions (see Table 3 ) and non-research and doctoral institutions (see Table 4 ) to determine which types of institutions have experienced the largest increase (or reduction) in student enrollment. Substantial differences emerge by comparing results in these two tables. Perhaps the most notable is the large and significant increase of resident enrollment in research and doctoral institutions and generally small and insignificant changes of resident enrollment in non-research and doctoral institutions. For example, the increase in resident enrollment at research and doctoral institutions is roughly 10% to 14% when compared with different comparison groups, whereas for non-research and doctoral institutions, the increase ranges from -2% to 4% based on different comparison groups. These results suggest that the increase in resident enrollment at 4-year institutions as reported in Table 2 is mainly due to its increase at research and doctoral institutions. This result seems consistent with policymakers' aim for merit aid programs to retain the best and brightest students in their home states (Heller, 2002b) .
Results on student out-migration in Tables 3  and 4 provide evidence that states with meritbased aid programs have been successful in retaining the best and brightest students. The largest reduction of student out-migration happens at research and doctoral institutions in other states. For example, the number of students who attend research and doctoral institutions in other states has been reduced by about 11% to 13% (the second column of each panel in Table 3 ) after their home states adopt merit aid programs. The estimated effects are quite consistent across different panels of comparison groups. The reduction in non-research and doctoral institutions is slightly lower at about 7% to 10% as indicated in the second column of each panel in Table 4 .
Finally, in terms of total enrollment from these merit aid states, the increase primarily occurs at research and doctoral institutions but not in nonresearch and doctoral institutions. This is not a surprising result. Based on the eligibility criteria of even the most widely attainable merit-based aid programs, those students who receive merit scholarships and who may otherwise have not attended colleges or would have attended colleges in other states are on the upper tail of GPA and standardized test distribution. These students are more likely to attend research and doctoral institutions, especially those state flagship institutions. Granted, Carnegie classifications are not intended to measure institutional or student quality and there are certainly non-research and doctoral institutions that are more selective than research and doctoral institutions. However, in general across states and over time, research and doctoral institutions (especially public flagship campuses) have higher admissions standards and more resources for high-achieving students (e.g., honors colleges, institutional scholarships). Indeed, Rizzo and Ehrenberg (2004) found that flagship institutions look to nonresident enrollments not as a revenue source but rather as a quality source. So, consistent with our broad interpretation of the best and brightest students, we argue that increased stayers and total enrollment in research and doctoral institutions are evidence of stemming the brain drain.
Discussion
As would be expected given the variation in merit aid eligibility criteria reported in Table 1 , variations in significance and direction do exist in the results of individual states. In fact, especially in two states, New Mexico and West Virginia, results vary quite substantially between research and doctoral institutions and all other 4-year institutions. Furthermore, differing eligibility criteria and award amounts may explain why the Louisiana program yields significant results in stemming the brain drain, whereas the Kentucky program does not despite its explicit policy aim to do so. These two differences of results between states, by institution type and by eligibility criteria, illustrate the importance of state program characteristics to contextualize the aggregate results.
Institution type matters.
The results by institution type vary in different ways for two states in particular. In New Mexico, the findings for the stayers in Table 3 among all comparison groups are significant and in the expected direction, indicating that of New Mexico residents attending research and doctoral institutions, more students stayed in-state to attend the University of New Mexico (UNM) and New Mexico State University (NMSU) rather than an out-of-state research and doctoral institution. However, as reported in the Leaver columns of Table 4 , the results for the migration models are significant in the opposite direction for students attending non-research and doctoral institutions, which indicates that students attending these institution types were more likely to do so out-of-state since the inception of the New Mexico Lottery Success Scholarship program.
11 Although this may seem surprising at first glance, much of this difference can be attributed to the New Mexico merit aid program's unique eligibility requirement, which is based solely on a student's GPA during the first semester at a New Mexico public institution, and full-tuition award amount. When you combine these program characteristics with the near open-enrollment policies of the New Mexico flagship campuses and their practice of offering "bridge scholarships" to fund students' first semester prior to merit aid funding, students have multiple financial incentives to attend a flagship campus. Indeed, our findings corroborate trends reported by Ganderton (2002, 2004) on enrollment effects of the New Mexico program on students attending UNM. Binder and Ganderton's studies identify the enrollment shift in New Mexican college students to UNM as an unintended consequence of the merit aid eligibility criteria that led to an increase in less well-prepared students attending the New Mexico flagships and, subsequently, increased attrition rates. Albeit in a different way, the flagship campus in West Virginia also contributed to differing results by institution type.
The only significant results for West Virginia are recorded in the Stayer and Total columns in Table 3 , which indicates that West Virginians attending research and doctoral institutions are more likely to do so in-state. As with New Mexico, this is due to characteristics of the West Virginia PROMISE Scholarship program and of West Virginia University (WVU), the only research and doctoral institution in the state. Unlike New Mexico's unique merit aid eligibility criteria, the PROMISE criteria are among the most rigorous of all broad-based state merit aid programs. Furthermore, in contrast to the near open-enrollment policies of the New Mexico flagships, admission to WVU has become increasingly more selective. As a result, nearly 40% of all PROMISE Scholarship recipients enroll in WVU.
12 Despite these stark differences by institution type, our results suggest that the policymakers who crafted the PROMISE Scholarship program have met their intended goals. The rationale for adopting a higher GPA and standardizedtest score requirement in West Virginia was tied directly to the explicit policy aim of retaining the best and brightest students as a means to enhance the state's workforce (Ness, 2008) . Despite similar aims of merit aid programs in Kentucky and Tennessee, our findings do not indicate that these programs alleviate the brain drain regardless of institution type. This consistent finding across institution types appears to be largely due to the liberal eligibility criteria in Kentucky and Tennessee, which spread scholarship recipients across many institutions rather than concentrated in a flagship campus as in West Virginia. Also, the Kentucky and Tennessee scholarships are available beginning in students' first semester unlike in New Mexico where UNM and NMSU have offered "bridge scholarships" to cover students' first semester.
Unlike New Mexico and West Virginia, other state merit aid programs yield significant results in the predicted direction. With regard to Florida's Bright Futures program, for example, the Stayer columns of Table 3 indicate that Florida students attending research and doctoral institutions are much more likely to do so in-state. Likewise, the Leaver columns of Table 4 indicate that fewer students are attending non-research and doctoral institutions out-of-state. These results might be explained by Bright Futures' twotiered award program that seems to target students in both institution types. The full-tuition scholarship for students earning at least a 3.5 GPA and 1270 SAT may be enticing more Florida residents to attend institutions such as the University of Florida and Florida State University. The second tier award of 75% tuition may also be enough to keep Florida students from leaving the state to attend nonresearch and doctoral institutions. As the Florida results indicate, differences by institution type may also be explained by differences in merit aid program characteristics.
Award criteria and amounts matter. Although eligibility criteria and award amounts do not uniformly explain the effect of state merit aid programs, the absence of consistently significant effects in reducing the brain drain in Michigan and in Kentucky may be explained by their low award amounts. The Michigan Merit Award, for example, provides a modest one-time scholarship to students based on their scores on a statewide assessment. Moreover, Michigan's is the only state merit scholarship that students can use at colleges and universities out-of-state (although at a reduced amount). Given these characteristics of the Michigan Merit Award, it is not surprising that this program does not significantly alleviate the brain drain.
The merit aid program in Kentucky has a manifest goal for the state's best high school students to attend in-state colleges and universities. Yet, as opposed to significant results for similar broad-based state programs such as Florida's Bright Futures, Georgia's HOPE, Louisiana's TOPS, Nevada's Millennium, and South Carolina's HOPE, our empirical analysis indicates that Kentucky's KEES has not met this goal. In addition to the possible effect of substantial tuition increases that we mentioned in the previous Limitations section, the lack of significant findings can be attributed to the program's eligibility criteria, which are among the most liberally awarded of all state programs. The Kentucky program awards scholarships on a sliding scale for GPA in Grades 9 through 12 and standardized-test performance. Given the variable award amounts, it appears that not all students are enticed by the sometimes small scholarships, especially because the maximum awards for the highest achieving students ($2,500) are less than one half of tuition costs at a 4-year public institution (College Board, 2007) . By contrast, Louisiana's award amounts are equal to full tuition with the possibility of additional funding for books.
As reported in the Leaver columns of Table 2 , Louisiana's merit aid program has one of the most significant and substantive effects of all 13 states with the TOPS program decreasing out-migration by nearly 20%. Unlike in Kentucky, the minimum eligibility criteria for Louisiana's merit scholarships are a 3.0 GPA and a 20 ACT score (950 SAT equivalent). These simply understood scholarship criteria and, perhaps more important, the full-tuition award amounts seem to have a greater effect on alleviating the brain drain than Kentucky's more inclusive criteria and more modest award amounts.
Conclusion and Implications
In this study, we use college enrollment and migration data to test the brain drain hypothesisthat state merit-based scholarship programs alleviate the migration of students to out-of-state colleges. Our results suggest that state merit aid programs do indeed stanch the migration of the best and brightest students to other states. To be sure, we use the term "best and brightest" quite broadly by making the claim based on evidence of increased stayer enrollment in research and doctoral universities in-state and reduced leaver enrollment in these institutions. In the aggregate and on average, the implementation of state merit aid programs both increases the total 1st-year student enrollment in merit aid states and boosts resident college enrollment in these states significantly. The gross enrollment increase is a function of increased total student enrollment from these states and, more directly relevant to our study's question, decreased emigration from these states. That is, the adoption of a merit aid program has both income and substitution effects. 13 However, there is a great deal of variation across states and across types of institutions. These variations appear to be related to differences in eligibility criteria and award amount across states. As we discussed in the previous section, future research might further examine the mitigating effects on the brain drain of this variation between state merit aid program characteristics.
Results in this study provide an important tool to simulate the effect of merit-based aid programs on different enrollment types. For example, imagine an average state with a total college enrollment of 100 before the introduction of a merit aid program. Based on our data, about 30% of total enrollment in a typical state is nonresident enrollment. That is, about 70 of the total 100 is resident enrollment and the other 30 students attend institutions in other states. After the introduction of a merit-based aid program, the resident enrollment increases by about 10%, from 70 to 77. (We use the regression results based on national group in this calculation.) At the same time, student out-migration decreases by 10%, from 30 to 27. As a result, the total enrollment from this typical state increases from 100 to 104 (i.e., 77 + 27), representing a 4% increase, which is consistent with our estimates in Table 2 . In relative terms, the proportion of students who attend 4-year institutions in other states decreases from 30% to about 26% (i.e., 27 / 104).
This simulation based on estimated results can facilitate the understanding of the effect of merit-based aid on college enrollment of different categories of students. For example, it is widely believed that merit-based aid programs increase resident enrollment in a state. Results from this analysis suggest that this increase comes from two sources: increases in the total college enrollment from a state and a decrease in the proportion of out-migration students. Our results also indicate that the increase in resident enrollment in a merit aid state is mainly driven by increases in enrollment at research and doctoral institutions.
Given the findings of this study that, on average, state merit aid programs do indeed alleviate the brain drain and that variation exists among state programs, further research might consider the effectiveness of merit scholarship programs in meeting other goals such as improving the state workforce and expanding college access. For instance, does the reduced out-migration of students lead to an enhanced workforce? If so, does this attract corporations to the state or lead increases in state gross domestic product (GDP)? Similarly, do state merit aid programs increase college access? That is, are more lowincome and racial and ethnic minority students attending college as a result of these merit scholarship programs? Studies examining these questions would seemingly find variation between states, too. As a result, such empirical work would have implications for states considering adopting merit aid programs or revising existing programs.
In addition to testing explicitly desired outcomes of state merit scholarship programs, future studies might also consider the effects of these programs on students and institutions. Although our study finds evidence of reduced out-migration rates, it does not consider academic and demographic characteristics of the students remaining in-state or migrating to other states. Even single-state studies that control for these characteristics would add to our understanding of which students are most responsive to the incentives of merit scholarships. Of course, institution-level analysis would further inform the effect of state merit aid programs on college attendance patterns. For instance, our study finds that enrollment increases are more pronounced at research and doctoral institutions. Future studies might consider whether these institutions are able to maintain (or even increase) the academic credentials of these retained students and the diversity of their incoming class. In capturing such effects of state merit aid programs, variation is likely to exist. These empirical variations between state programs still merit further examination as state merit aid programs continue to proliferate and evolve.
Notes
1 With regard to state merit scholarship programs, "best and brightest" seems to be a relative term. That is, there is no wide consensus on what academic credentials constitute the best and brightest students. Missouri's Bright Flight program awards a one-time $2,000 scholarship to only the top 3% of SAT test takers, whereas Tennessee's merit aid program awards students with SAT scores below the 50th percentile nearly full tuition scholarships. Yet, both states explicitly aim to retain the best and brightest students through these scholarships. So, this term seems to be used more for rhetorical reasons by policymakers than for its descriptive accuracy in retaining high-achieving students. Indeed, state merit aid programs, depending on the rigor of their eligibility criteria and whether they recognize it or not, seem to be using the term with the irony that David Halberstam (1972) intended in his best-selling book, The Best and the Brightest. Although our study does not include measures, such as SAT scores, to track the academic qualifications of students, we are able to examine the migration of the best and brightest students by broadly interpreting the term. Admittedly, retaining 1st-year college students does not have as direct of an effect on a state's workforce as does retaining college graduates.
Does State Merit Aid Stem Brain Drain?
Nevertheless, as we discuss more fully in the literature review, recent studies (Groen, 2003; Perry, 2001) have shown in-state college graduates as 10% to 20% more likely to enter the state's workforce than state residents graduating from out-of-state colleges.
3
Because we have limited our sample to 4-year institutions, the missing data problem is not severe. For all years we have data, the missing observations are 10.3%. The majority of these missing observations occur in early years (e.g., 1986, 1988) . Because most states adopted merit-based aid programs after 1995 and we use 6 years before and after policy implementation, the effect of missing data on our results is minimal. In fact, in most recent years, the missing data are less than 0.5%. Because we use state aggregate enrollment data, missing data should be carefully handled. We took advantage of panel data and interpolated those missing observations. For example, if data for 2001 are missing, we use the average of 2000 and 2002 to replace that missing value. 4 Besides these important enrollment variables, we have also created variables such as the total enrollment in a state and nonresident student enrollment in a state. These are important policy variables to consider if the policy goal is to increase nonresident enrollment in a state (e.g., due to diversity, quality, and tuition revenue consideration). Results are available upon request.
5
Data are available at: http://www.nces.ed.gov/ccd/. 6 10 These differences suggest that resident enrollment in Alabama increased greatly in the mid-1990s. Indeed, in 1997, the governor proposed a significant budgetary change to the higher education system in Alabama. Specific plans included raising nonresident tuition rates, reducing state appropriations to public institutions with out-of-state enrollment exceeding 25%, and funding a Georgia HOPE-like merit-based aid program. Although the proposal to adopt a lottery to fund a meritbased aid program was eventually and unexpectedly defeated, the proposal itself might have enticed students to stay in-state and discouraged institutions from enrolling a high proportion of nonresident students.
11 In 2006, the program was renamed the Legislative Lottery Scholarship program.
12 As reported on the West Virginia University Undergraduate Scholarship Office website: http:// www.arc.wvu.edu/Scholars_Office/PROMISE/ index.html.
13
In consumer theory, the income effect refers to the observation that changes in prices can affect buyers' purchasing power. In this particular case, changes in college costs would lead to higher demand for college education overall. The substitution effect is the effect observed with changes in relative prices of goods. In our particular case, the relative decrease of in-state colleges would increase its demand relative to out-ofstate colleges.
